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Neuropaiby  target  esterase  (NTE)  is  tlw  target  for  twuropaUiic  organophosphoruacoitipouods  tOPs)  ibai  product  delayed 
tMurotoMciiy  tOPIDN)  lebibiuon/agingof  btaie  NTE  predicts  itw  potcntia]  for  DPIDN  le  anunal  modds  Lytnpbocyie  NTE  bas 
also  found  use  as  s  biomarter  of  huroan  exposure  to  twuropaUiic  OPs.  Recenily,  aseesiuve  NTE  biosensor  suas  developed  using  s 
Tyrosinase  carboo*paste  electrode  for  amperonwirK  (AiDpideiecuon  of  ptienol  produced  by  hydrolysis  of  itw  substrate,  pbeny) 
valeraie.  Hw  ISO  (20  cnin  at  S7  ‘Ci  for  N,N'*di*2  propylphosphorodiamdofluondate  (ntip^ox)  against  two  lytopbocyie  NTE 
6  M  ±  0  2S  'uM  (Afop  I  and  b  02  i  0.7 1  uM  colotinwirKaUy  (Col)  For  O.&di- 1  -propyl  0-2.2-dichlorvieyl  phosphate  (PrDChVPk 
ttw  ISO  agaiesT  ben  brain  NTE  was  30  £  8  nM  t  Aiopi  and  42 1 2  nM  (Coll.  ISO  values  (An^)  {orPrDChVPagainsi  hen  and  huioan 
blood  NIB  weeebb  ±  3  and  TO  £  14  oM,  respectively.  NTE  activities  in  brain,  lymphocytes,  and  blood  were  mcasuKd  24  h  sRer 
dosing  bens  wnh  PrDChVP  bTTE  inhibition  was  highly  cosrelated  between  brain  and  lyinphocyie  (r  s  0.bd4)  aod  brain  aod  blood 
ir  s  0997)  Biosensor  NTE  assay  tor  whole  blood  could  serve  as  a  bioinarter  of  exposure  to  neuropaihie  OPs 
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OrpnophosphoAis  comf»iJt>d*induc«d  ddayed  neuroCiMcity  (OPIDN)  is 
a  distardfganerabon  of  hkpiot  and  s^rsory  axons  in  spirtal  cord  and  peripheral 
nerves  that  occurs  1  to  2Nvtc  afWr  acute  exposure  to  certain  orenopnospfMnB 
(OP)  compounds.  This  disease  presents  as  flaccid  paraJysis  and  sertsoiy  loss  of 
the  lower  limbs  with  upper  limb  involvement  in  severe  cases  (Davis  &  RIdnardson, 
19d0;  Richardson,  1998).  Pathogenesis  is  independent  of  inhibition  of  acetyl* 
cholinesterase  CAChE)  and  can  be  induced  by  OP  compounds  with  low  acute 
tovicity  (Johnson,  1982;  MaJthaeva  etal.,  1987).  Although  OPIDN  has 
occurred  in  epidemic  proportions  ihrou^out  the  world,  accidental  episodes 
are  currently  rare  CAbou*C>onia,  1981,  Richardson,  1998).  t4evettheless,  the 
high  human  suscepubrlrty  to  OPIDN  (Cole  etal.,  1998;  Looi,  1987),  Its  insidious 
onset,  and  the  usually  permanent  debilitaiir^  effects  suggest  the  possibility  of 
neuropathic  OP  compounds  being  ified  as  agents  for  chemical  terrorism. 
Defense  against  such  agents  requires  sensitive  and  specific  detection  of  them 
and  their  Eriological  effects.  Thus,  the  development  of  btomiarkers  of  humian 
exposures  to  neurc^thic  OP  compounds  b  a  vital  component  of  a  system  of 
prraiciion  and  early  diagnosis  of  OPIDN. 

Considerable  essence  points  to  a  neuronaJ  serine  hydrolase,  neuropathy 
target  esterase  (neurotoxk  esterase,  NTE),  as  the  pnmary  target  miolecule  in 
OPIDN  (Glyiin,  1999,  hh^ns  &  Rkhardson,  1999).  The  dbease  b  thought  to 
be  initiaiet/  by  oiganophoqriwyiation  of  N^  with  subsequent  speofk  and 
rapd  modification  (aging)  of  the  inhibited  enryme  (Johnson,  1982,  1990; 
Randall  eiaJ.,  1997;  Richardson,  1992).  There  are  species  differences  in  sens* 
idvity  to  OPIDN,  for  example,  chickens  >  rats,  and  within  a  given  species, 
adults  are  more  serurtive  than  young  animus  (Rkhardson,  199$).  According, 
the  expehmentaJ  aninnaJ  modeiof  cwice  for  studies  of  OPIDN  is  the  adult  hen 
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(Barber  etal.,  1999,  Weiner  &  Jortner,  1999).  OPIDN  in  hens  b  associaled 
with  a  threshold  ot  >70%  inhibition  {and  presumed  aaerd^nt  a^ng)  of  brain 
NTE  after  sin^  exposures.  The  threshold  in  humans  is  nor  known,  akhough  avail* 
able  data  suggest  that  it  b  comparable  to  that  observed  in  hens  (Moretio,  1998). 

The  relationship  between  NTE  inhlbilion/^ing  and  the  development  ot 
OPI DN  has  the  potervtial  to  be  further  expbited  as  a  btomaiier  (Costa,  1 996; 
lohnson,  1982,  Richardson,  1992).  Inhibition  of  brain  NTE  within  hours  of 
exposure  to  a  neuropathic  OP  compound  predicts  the  potential  for  OPIDN  to 
^)pear  in  susceptible  anirrtal  models  (e.g.,  hens)  after  a  dela/  of  1  to  3  wi. 
NTE  has  also  bWn  found  in  drculaiir^  lymphocytes  and  platelks  (Beitoncin 
etal.,  1 98$;  Dudek  &  fbchar^^on,  1 982;  Maroni  &  Bleecker,  1 986;  Rkhaidson  & 
Dudek,  1983),  and  lymphocyte  NTE  has  been  used  or  proposed  for  use  as 
an  accessible  biomaiicer  of  animal  and  human  exposure  to  neuropathic  OP 
compounds  (bhnson,  1990,  Lotii,  1986,  Lottietal.,  1983, 1986;  Ri(^ardson  & 
Dudek,  1983,  Schwab  &  Richardson,  1986).  Fuithermore,  lymphocyte  NTE 
inhibition  has  been  st^gested  as  a  predictor  of  OPIDN  or  an  adjunct  for  ib 
early  diagnosis  {Ehnch,  1996;  LoOi,  1987,  Mutch  etal.,  1992;  Richardson  & 
Dudek,  1 983,  Wibon  &  Henderson,  1 992). 

Despite  the  potential  utility  of  ^mphocyte  NTE  as  a  biomaiier,  the  time, 
resources,  and  relatively  high  sample  volumes  required  to  separate  blood 
con^nenb  mitigate  against  using  isolated  lymphocytes  routinely  to  monitor 
NTE  activity.  Thus,  if  tiw  need  were  to  arise  to  aaess  exposures  of  individuab 
to  neuropathic  OP  compounds,  it  would  be  advantageous  to  be  able  to  assay 
NTE  in  smal  volumes  of  whole  blood  (Sieolaeva  etal.,  2001). 

Measuremervt  of  NTE  activiry  has  ctassically  been  dorw  by  colorimetrc 
determination  of  phenol  released  by  hydrolysis  the  substrate  phenyl  valerate 
(johnson,  1977;  Kayyali  etal.,  1991).  The  absorbance  maximum  of  the  red 
pheitol  chromophore  overlaps  substantially  with  that  of  whole  Uood  homo* 

Isnates,  and  dilution  of  the  blood  to  remove  the  mteifenr^  absoihance 
ecreases  NTE  activiry  below  the  detection  limit  of  the  colorimetric  assay 
(Sigolaeva  etal.,  2001).  Thus,  the  colorimetrc  assay  cannot  be  used  to  assay 
NTE  in  whole  blood. 

The  problems  inherent  in  a  colorimetric  NTE  assay  can  be  eliminated  by 
using  an  amperometric  technique  to  detect  phenol.  Recently,  a  new  biosensor 
for  NTE  assay  was  introduced  usuw  a  tyrosinase  caibon*paste  electrode  to 
detea  phencA  produced  by  the  hydrolysis  of  phenyl  valerate.  Data  showed 
that  the  tyrosinase  carbon^aste  electrode  improved  the  sensitivity  of  the  NTE 
assay  lO/okj  compared  to  the  colorimetric  method  or  an  eariier  amperometric 
technique.  Moreover,  the  new  electrode  cperates  in  a  flow*injection  mode 
that  requires  only  2  to  3min  per  analyse  {Sigolaeva  etal.,  1999,  2090,  2001). 

The  present  research  was  carried  out  to  demonstrate  further  the  utility 
of  the  new  biosensor  method  for  assaying  NTE  activity  in  whole  Uood 
and  using  these  measurements  as  a  biomarker  of  neuropathic  OP  com* 

E:und  exposure.  The  biosensor  assay  was  used  to  obtain  values  for  inhi* 
tion  of  apparent  NTE  activity  in  vitro  with  the  neuropathic  OP  compounds. 
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^^^/>di>2*propy1pf>c«phorodiArndcriluortdtt»  {mipafcrK}  in  ben  lymphocytes,  end 
0,cm»>l>propyj  0*2,2>dichbtviny1  phosphate  (PtOChVP)  in  hen  brain,  hen 
'nhole  blood,  and  human  whole  blood.  These  values  were  compared  with 
those  obtained  for  hen  brain  and  hen  iyinphocytei  by  colorimetry.  In  addition, 
experiments  were  conducted  in  viw  to  insestig^  the  dcse^relaled  inhlbthon  erf 
NTE  24h  after  administration  of  Pr^hVP  to  adult  hens.  NTE  activity  in  brain 
and  lymphocytes  was  determined  colorimetncally  and  in  whole  blood  amper* 
ometncaly  usine  the  new  biosensor  method.  Cormlabons  were  then  evamtned 
between  NTE  iimlbition  in  brain  and  lymphocytes,  and  in  brain  and  blood. 

MATERIALS  AND  METHODS 

Oretnkals 

Phenyl  valerate  (PSO,  ^4N'^l•2•prop^4phcephorodlalTlidcrfVlOhdatB  Onipafox), 
and  0,0^1  ^tropyl  02,2^jH:hlonWr)4  pheephale  (PrO^VP)  were  s^thesiaed 
and  characterket^  in  the  Instituie  of  Physiologically  Active  Corripounds,  Russian 
Academy  of  Sciences  (Russia),  and  m  the  Institute  of  Or^ic  Chemisoy, 
Ukrainian  Academy  of  Sciences  (Ukraine).  The  purity  of  all  substances  was 
>99%  (by  spectral,  chromatographic,  and  elemer^  analysis  data).  Mushroom 
tyrceinase  (monophenol  monooxidase,  EC  1.14.18.1,  activiry  2800  U/mg  for 
Lkyrosine),  gephile  powder,  QO^liethyf  O^n^itrophenyfphosphate  (paracKon), 
4>aminoant]pynne,  phenol,  and  potassium  femeyanide  were  fr^  Sigma 
Qvemical  Co.  (St  Loub,  MO).  The  Coomassie  protein  kit  was  from  Pierce 
Ownical  Co.  (RocUord,  IL).  All  other  chemicals  were  aralyiical  gr^  and  used 
without  further  purification.  Aqueous  solutions  were  prepared  using  deionized 
water. 

Tyrosinase  Carbon*Paste  Electrode  and  Biosensor 

The  tyrosinase  electrode  was  prepared  as  described  previously  (Sigolaeva 
etal.,  2001).  All  measurements  were  performed  with  an  allied  potential  of 
-ISOmVversusy^y^l.  Cureni  was  measured  by  an  IPC2000  poteniiostal 
coupled  to  a  computer  Orutiiute  of  Physical  Chemistry,  Russian  Academy  of 
Sciences,  Moscow,  Russia).  Operation  of  the  device  and  processing  of 
electrochemical  measurements  were  done  using  software  devebped  in  the 
laboraioiy. 

Studies  In  Vitro 

Hen  Brain  NTE  A  lyophilized  hen  brain  membrane  fraetbn  consisting 
of  combined  miiochondrial/s)Tiaptosomal  and  microsomal  pellets 
(Richardson  etal.,  1 979)  preinhibrted  with  paraoxon  <40|iM  at  25  ^  for  45  min) 
was  used  as  a  source  of  NTE.  It  was  prepared  as  described  (Malhaeva  & 
Malygin,  1999,  Makhaeva  etal.,  1998)  and  stored  in  sealed  ampoules.  Before 
use,  ampoule  contents  were  suspended  with  a  glas&^ass  Potter  homogenizer 
in  2rrJ  of  working  buHer  (SOmM  Tns*HCI,  0.2 mCf  e<}^4enedlamine  tetraacetc 
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acd  (EDTAl  pH  8.0,  at  25  *0.  Ttie  pf«pantioti$  of  neuronal  NTE  have  a  specific 
activtty  of  about  40  titno^fmin  xmg  protein). 

Isolation  of  Lymphocytes  From  Hen  Blood  Lyinphocytei  were  belated 
as  described  (Schwab  &  Richardson,  1986)  by  cenbi^ng  in  a  Fico]l*Verografln 
densiN  gradient  The  lyinphocyie  fraction  was  resiapenoed  in  working  buffer 
lomalua  concentration  equiv^enito  2x10^  4x10'  celb/ml  and  sonicated 

(lOs,  power  output  SO  W1  ^fore  NTi  assay. 

Whole  Blood  Preparation  Whole  human  or  hen  blood  rtabiliaed  by 
citrale/EDTA  was  diluted  10>fold  with  working  buffer  and  homogenized  in 
a  Poaer  ^ass/glass  homogen  izer  before  hTTE  assay. 

Sam^e  Preparation  for  Cotorimetric  or  Electrochemical  (Bioeensor) 
NTE  Assay  NTE  aoivicy  was  determined  according  to  (he  differential  inhibition 
method  c^  Johnson  (1 977)  as  a  microassay  version  (Escudero  etal.,  1996)  with 
sl^t  modiftcations  (Kayyali  etal.,  1 991 ).  Prepared  as  already  desciibed,  samples 
of^sonicated  lymphoc)^  (40pD  or  whole  blood  diluted  with  working  buffer 
(200ul)  were  incubated  at  37  "C  with  S0|iM  paraoxon  for  20min  (sample  6) 
or  with  50  pM  paraoxon  plus  2S0|iM  mipWox  for  20  min  (sample  O  in  a  final 
volume  of  400pl.  PV  was  then  added.  After  incubating  for  30  min  at  37^,  the 
reaction  was  stopped  by  addition  of  aqueous  sodium  dodecyl  sulfate  (SDS). 
En?yrr^ically  released  pfrenol  was  assayM  colorimetrically  or  amperometrical^ 
(biosensor).  In  the  case  of  the  paraoxon'preinhibited  preparation  of  hen  brain 
NTE,  samples  <20|il)  were  incubated  in  woiiing  buffer  (sample  6)  or  in  workir^ 
buffer  wi^  250 |iM  mipafox  (sample  Q  in  a  final  volume  of  400 pi  for  20 min 
at  37^,  followed  by  incubation  with  PV  and  tenrunabon  of  the  reacbon  by 
SDS  as  described  earl  ler. 

Coforimctric  Phenol  Assay  Phenol  released  by  the  enzymatic  hydrolysis 
of  PV  was  assayed  in  96>wdl  microbter  plates  at  492  nm  using  an  Anthos  HT1 
miCTOplate  absorption  photometer  (Anihos  Labtec  Instruments  GmbH,  Salzburg 
Austria)  after  incubabon  of  lOOpI  of  TmI  reaction  mixture  at  room  tempera* 
lure  for  10  to  15  min  with  4*aminoanbp>tine  and  potassium  ferricyaride  to 
desebp  (he  chromophore  (Escudero  etal.,  1 996,  foh^son,  1977;  Kaw^i  etal , 
1991).  Each  measurement  was  made  in  triplicate.  The  absorbance  difference 
between  samples  6  and  C  was  used  for  calculation  of  NTE  acbvity  usir^ 
a  phenol*standard  calibration  curve. 

Amperometrk  (Biosensor)  Phenol  Assay  Prior  to  measurements,  samples 
preparra  as  already  described  were  further  diluted  10*  to  S0*fold  in  0.1  M 
NaCle0.05iW  sodium  phosphate  buffer,  pH  7.0.  Enzymabcally  released 
phend  was  measured  amperometrically  after  an  injector  of  the  diluted  final 
reaOion  mixture  into  a  (low  of  0.1  M  NaCleO.OSM  sodium  phosphate  buffer, 
pH  7,0,  via  an  injector  with  a  50'Ul  sample  loop  tVake  V*7,  Pharmacia, 
Sweden).  Flow  rate  was  0,25  mlfmin.  Each  measurement  was  made  in  dupli* 
cate.  The  concentration  of  phenol  was  determined  according  to  a  phenol 
calibrabon  curve  obtained  under  (he  same  conditions.  The  di^erence  in  the 
analytical  signals  found  between  samples  6  and  C  was  used  for  calculation  of 
NTE  activiry. 
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NTE  Delerminations  Ttie  <lhe  concentration  that  inhibits  S0%  of 
the  enryrrie  activity  under  definedpreincubatioii  conditions)  for  inhibitors 
gainst  NTE  was  measured  by  preincuoating  a  sample  of  enzyme  with  1 0  to  1 2 
different  conceniraiiofis  of  either  mipafox  from  10*^  to  ICT’Vf  or  PiOOiVP 
from  10*"  to  10*^ Vf  for  20miii  at  i?^Cj  in  working  buf^.  Residual  NTE 
activity  was  then  determined  usir^  either  the  colorimetric  or  the  amperometric 
(biosensor)  method  (see  earlier  description).  Each  measurement  was  made  in 
triplicate  (cokiimetry)  or  in  duplcate  (amperometry).  fj^  values  were  calculated 
asdesoibed  by  Sigolaeva  etal.  (2001).  Every  value  represents  the  meantSEM 
from  three  independent  experiments 

Protein  Assay  Protein  was  determined  ifiir#  a  Coomassie  protein  assay 
kit  from  Pierce  Oiemical  Co.  (Rockford,  IL)  with  bovine  serum  abumin  as 
a  reference  standard. 

Studies  In  Vivo 

Animals  Aduh  white  Leghorn  hens  (18  mo  of  age,  1.5  to  2.0kg)  were 
from  Noginsk  poultry  farm  (Nogirtsk,  Russia).  Kens  were  kept  three  to  a  cage 
with  food  and  tap  water  ad  libitum.  Hens  were  kept  in  a  room  with  a  1 2*h 
If  ht  cycle  and  controlled  temperature  (20  to  22 

Dosing  Er^erMnent  I  PrDChVP  in  acetonehvater,  I/I  (v/v),  solvent  was 
injected  im  (1  OmlAf)  irtio  hens  at  doses  of  0.32,  0.40,  0.S6, 1,0,  1.6,  and 
2  2  mg/kg  to  groups  of  2  herts  per  dose  to  assess  inhibition  of  NTE  in  brain  and 
lymphocytes  24h  after  administration.  All  hens  were  precreated  with  atropine 
sulfate,  io  mg/kg  in  water,  injeoed  im  (1.0  ml/kg)  20  mm  before  PrDOtVP 
in)eciiort.  Control  animals  received  atrc^ine  sulfate  only.  At  24  h  after  PiO* 
^VP  adminiscraLon,  hens  were  decapitated  and  blood  was  collected  imme* 
diaiely  in  heparinized  plastic  viak.  Heparin  was  added  to  a  concentration  of 
20  units/ml  and  the  blc^  was  diluted  1.0/1 .5  (v/v)  with  balanced  sah  solution 
(0  001  %  O^ucose,  S.OmM  CaClj,  96  mM  h^j,  1 4.5  miU  Tns,  1 26  mM 
pH  7.6). 

Lymphocyte  NTE  Lymphocytes  were  isolated  as  described  (Schwab  & 
Richardwn.  1966)  by  centri^ing  in  a  FicoD-VercftafIn  density  gradient  The 
lymphocyte  fraction  was  resuspenSed  in  working  buner  to  make  a  concentration 

Survalent  to  2x10’  to  4x10’  celkfml  and  sonicated  (lOs,  power  output 
W)  befcee  NTE  assay  by  the  colorimetric  method  of  Johnson  (1 977)  using 
a  40^  in  incubation  with  PV. 

Brain  NTE  Each  brain  was  rapidly  removed,  homogenized  at  4^C  in 
5  volumes  of  working  buffer  with  a  Potter  homogenizer,  and  centrifuged  for 
1 5  min  at  9000 xg  at  4^C.  The  brain  9S  supernatant  was  used  for  NTE  assay 
(Padilla  &  Veronesi,  1985)  using  the  colorimetric  method  of  Johnson  (1977). 

Proleftt  Assay  Protein  concentrations  were  determined  by  the  microbiuret 
method  (Nielsen,  1 958)  using  bovine  serum  albumin  as  a  standard. 

Dosing  Evpcrinwnt  II  PrDOiVP  in  acetonefwaier,  1/1  tvM.  was 
injected  im  (l.Omlykg)  into  hens  at  4  doses  chosen  from  dosing  experiment 
l-^.32,  0.40,  0,56,  and  1,0  mg/kg— to  groups  of  3  hens  per  to  assess 
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NTE  inhibitioti  in  brain  and  whole  Uood  24h  after  administration.  All  hers 
were  pretreated  with  atropine  sulfate  ir  water,  20mg/lte  im  (I.Om^kg)^ 
20  min  before  PrDO^VP  injection.  Control  animals  received  atropine  sulfate 
or^.  At  24  h  after  PiOChVP  administration,  hens  were  decapluted  and  blood 
from  each  hen  was  collected  immediately  in  ^ss  viab  containiiw  a  solution 
of  2.0%  (w/V)  sodium  citrate  and  O'glucose  (at  a  ratio  of  0.20mrantico^u* 
lanl/ml  blood),  frozen  in  liquid  nitrogen,  and  sbxed  at-20°C  prior  to  NTE 
assay 

Whole  Blood  NTE  Assay  Frozen  blood  samples  were  allowed  to  thaw  to 
room  ten^rature  and  assayed  for  NTE  activity  using  the  tyrosinase  caitMon^paste 
electrode  amperom«tric  method  (biosensor  meth^)  as  already  described  for 
in  vitro  medv^. 

Brain  NTE  Brains  were  rapidly  removed,  frozen  in  liquid  nitrogen, 
weighed,  and  stored  at  -20  **0  betore  NTE  assay.  After  being  allowed  to  thaw 
at  room  temperature,  the  9S  supernatants  were  prepared  and  used  for  colorv 
metric  determination  of  NTE  as  desaibed  earlier. 

StaUslical  Analysis 

In  Vitro  Studies  All  values  are  expressed  as  the  meaniSEM  V>«2  sepaiate 
experiments).  Independent  rwo*tailed  c*tests  were  used  to  deteimine  the 
significance  of  differences  between  igg  values  for  a  given  inhibitor  and  tissue 
measured  by  amperometiy  versus  colorimetry  or  Eiy  amperometry  on  hen 
versus  human  blood.  The  ievel  of  significance  was  set  at  p  <  .OS.  TKese  tests 
were  carried  out  usir^  GraphPad  Pnsm  version  2.02  for  Windows,  GraphPad 
Software  (San  Diego,  CA). 

In  Vivo  Studies  NTE  activity  in  brain,  l)inphocytes,  and  whole  Uood 
from  hens  treated  with  atropine  and  PrDCh^  was  compared  to  aoivity  in 
corresponding  tissues  from  animals  treated  with  atropine  only  (control  to 
calculi  percent  inhibition  relative  to  control.  The  correlation  ^  NTE  inhibi* 
tion  between  brain  and  l)Triphocytes  (dosir^  experiment  D  and  brain  and 
blood  {dosing  experiment  ID  was  examined  by  plotting  correlation  curves  and 
calculating  associated  coirelation  coefficients  (/)  and  p  values,  using  Origin  5,0 
software,  OriginLab  Corp.  (Northampton,  MA). 


RESULTS 

Mipato  and  PrDChVPf^  Values  Against  NTE  From  Different  Sotoces 
by  Colorimetry  and  Amperometiy 

Mipafox  Ifo  values  for  hen  lymphocyte  NTE  were  6.94±0.2d|iM  anmr* 
ometricaly  and  6.02x0.71  uM  colon  metrically  (p  >.05).  For  PiDChVP, 
values  for  hen  brain  NTE  were  29x8rtM  amperometrically  and  42x2nM 
colorimetrically  (p>.05).  AmperometncaEy,  PiOChVP  )»  values  for  hen 
and  human  blci^l  NTE  were  66x2  nM  and  70±14nM,  respecuvely 
ip  >05). 
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studies  In  Vivo 

Dosing  tHporimont  J  Inhibition  ot  NTE  in  hen  brain  and  lyinphocyies 
was  studied  24  h  aiier  injecting  hens  with  increasing  doses  of  the  neuropathic 
OP  compound,  PrDChVP.  NTE  inhibition  was  measured  in  brain  and 
iyinphocytes  using  the  colorimetric  assay  for  both  tissues  {Figure  1). 

Dosing  byertwent  II  Inhibition  of  NTE  in  hen  brain  and  whole  blood 
was  studied  24  h  after  injectir^  hens  with  increasing  doses  of  PrDChVP.  NTE 
inhibition  was  measured  in  brain  by  the  colorimetric  assay  and  in  whole  Uood 
using  the  amperometnc  biosensor  assay  (Figure  1). 

DISCUSSION  AND  CONaUSION 

Consisient  agreement  was  obtained  between  the  colorimetric  and  ampero* 
metric  methods  for  determinations  of  mlpa^ox  ^inst  hen  lymphocyte 
NTE  and  PiDOtVP  against  hen  brain,  hen  blood,  and  human  blood  NIL  In 


nCUU  1 .  OniT  irlMrd  m  brm  bhod  d hm nfic* 

w  paiBfV  d  toviuul  fcv  m  rntwiSSM,  Op^  didttd 

lioe^bwi  NTS.  docM^CN^fwnMl  (NIT^Bf^CQbrinfipc^iyr  m  Inn  zrd  botfiiwie 

boM  Op^  ofd^  6^w?>efV  L  Onod  s^a/^  sett  tte«bnjf> 

NTL  Mif^  ^ipaHiiefV  I  (NIC  cdonrottiaJf^  if>  bfwi  aod  ifnpvcvnmaiyr  m  ttood.  bc^ 
asiftt  afto  Md  ihMvfL  Ostt  sold  It/w^bicod  NTE»  lU 

CvsoJ  Nil  rtfnol/frna>xfn$  ^iifcii^  mwtSH  c^erwneft  U  bw  •  9±i  k 

lyiH><^yB*  xi  4,  I,  bajr>*  1  ^tO  tt.  t«4wle  btoodA0.107tlXClU 
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addition,  (h«  inipafok  valiwi  d«tt(inii>ad  by  th«  Cwo  methods  tor 
lyinpbocyt«  NTE  overlap  with  thow  lepoited  eaHler  tor  human  lymphocyias, 
as  well  as  with  the  value  determined  amperometricaDy  for  human  w^ole 
blood  (Sigolaeva  etal.,  2001).  From  there  comparisons,  it  is  apparent  that 
PrOOiVP  B  about  lOCMfold  more  potent  than  mipafox  ^inst  lymphocyte  or 
blood  NTE,  in  agreement  with  data  reported  for  brain  NTE  ILotti  &  Jcmson, 
197fi). 

During  the  development  of  the  biosensor  technique  tor  NTE  measurement 
in  whole  blood,  the  influence  of  potentially  interfering  biological  materials  on 
the  phenol  assay  was  studied  (Sigolaeva  etal.,  2001).  A  number  of  phenolic 
compounds  present  in  bkdogical  samples  can  be  substrates  tor  the  immobilized 
tyrosinase,  and  the  coirenondir^  analytical  responses  cannot  be  ignored.  It 
was  tound  that  contaa  of  ^mogenized  hen  and  human  whole  blood  with  the 
electrode  surface  does  not  lead  to  any  notable  contamination  of  the  electrode, 
and  only  a  h^  content  oi  biological  material  in  the  aralyie  affected  the  phenol 
assay  signiflonily.  The  sensitivity  of  the  rfectrode  was  suflkient,  however, 
to  measure  phenol  in  samples  that  had  been  diluted  10O  to  200fold  in  order 
to  minimize  the  influence  of  interfering  substances  on  the  phenol  signal 
(Sigolaeva  etal.,  2001). 

In  order  to  use  the  measurement  of  blood  NTE  activity  as  a  mirror  of  brain 
NTE,  the  correlation  between  the  inhibition  of  the  en?yme  in  brain  and  Uood 
should  be  known.  Assay  of  lymphocyte  NTE  was  shown  to  provide  a  reliable 
monitor  of  e>iposure  to  neurop^ic  OP  compounds  within  24h‘betiAeen  exposure 
and  measurement  (Schwab  &  Richardson,  19&6).  To  study  the  possibility  of 
using  blood  NTE  inhibition  as  a  biochemical  marker  of  neuropathic  OPexposire 
and  Its  correlation  with  brain  NTE  inhibition,  two  dosing  experiments  were 
cairied  out  In  both  experiments,  NTE  inhibition  was  measured  24  h  after 
injecting  hens  with  the  neuropathic  OP  compound,  PrDChVP.  In  dceing  expen* 
ment  I,  NTE  inhibition  was  measured  in  both  brain  and  lymphocytes  by  the 
colorimetric  assay.  In  dosing  experiment  II,  NTE  inhibition  was  measured  in 
brain  by  the  colorimetric  assay  and  in  whole  blood  using  the  amperometnc 
biosensar  assay.  Data  from  both  experiments  are  presented  in  Hgure  I,  showing 
a  similar  paEtem  and  de^ee  of  dose*responsive  inhlbilkrt  of  brain,  lymphocyte, 
and  whole  blood  NTE. 

Data  repkptted  and  analyzed  from  Figure  1  show  strong  correlations 
(r>.99)  of  NTE  inhibition  between  brain  and  lymphocytes  (Figure  2A)  and 
brain  and  whole  blood  (Hgure  26).  Moreover,  a  strong  correlation  (ra,946, 
pa. 00267,  na4)  was  found  between  ir^ibicion  of  lymphocyte  NTE  (dosing 
experiment  I)  and  blood  NTE  (dosing  experiment  II),  as  welt  as  betwe^  brain 
NTE  inhibitions  in  dosing  experimenb  I  and  II  (ra.968,  pa,0322,  na4).  Thus, 
the  results  indicate  a  hi^  degree  of  correspondence  beDween  the  two  expert* 
ments.  This  analysis  fuilher  supports  the  use  of  whole  blood  NTE  inhibition 
measured  by  the  new  biosensor  method  as  a  biochemical  mather  for  exposure 
to  neuropathic  OP  compounds.  Fuithermore,  these  results  indicate  that  whole 
blood  NTE  inhibition  reflects  NTE  inhibition  in  brain. 
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nCUAIl.  Ccfn^mcnMHTl  i<4iM3r> 4dm  Wi  Figure  1> bmeeo the fuc  »  hm  teed 
die  oeuruf^rc  OP  onpoM.  (PrOOVPf  CA)  mr> 

and  V?^F*>0Q<e3  e^pvrrwm  U  hOE  uiar^  tesrvneoi^f  fi  b^  Mte  (/•  99i»p<X0ClU 

n  ^  (S4  brw  9d  %i4>te  bbod  (dosiri^  e^psirDent  II.  NIE  asayed  laAvMueUKjly  ir>  bnbi  9>d  ^npo^ 
ff>ev>^yir>bbte</«  WT  p*  (XHF.  qs4) 


In  condustoti,  iKe  dau  pf«Mtit9d  and  dficiiss«d  abov«  support  t^e  validity 
ot  measurements  carried  out  Mt^  the  new  biosensor  method.  The  tyrosinase 
cai^on*paste  biosensor  is  suitable  for  assaying  NTE  in  whole  human  and  hen 
blood,  ^kh  cannot  be  done  using  the  dassii^  colorimetrk  technique.  Other 
advant^es  include  the  small  sample  volume  required,  simplicity  of  sample 
prepanbon.  rapid  anah^  dme.  and  strong  correlabon  between  h^E  inhibition 
m  whole  blood  with  that  in  brain.  Thus,  the  biosensor  hTTE  assay  for  whole 
blood  appears  to  be  promising  not  only  as  a  blomaiier  of  human  exposure  to 
neuropamic  OP  compounds,  out  as  a  predictor  of  OPIDN  and  an  adjunct  to 
its  eanydl^nosis. 
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